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SUMMARY
The incidence of esophageal adenocarcinoma in the United States has risen rapidly over the last 30 
years, whereas the incidence of esophageal squamous cell carcinoma has fallen dramatically. In 
contrast, parts of Asia have extremely high rates of squamous cell carcinoma, but virtually no 
adenocarcinoma. Within the United States, Asian-Americans as a whole, have low rates of 
esophageal adenocarcinoma and higher rates of squamous cell carcinoma. It is unclear what the 
patterns are for those Asians born in the United States. The relative influence of ethnicity and 
environment on the incidence of esophageal cancer in this population is unknown. We identified 
all cases of esophageal adenocarcinoma and squamous cell carcinoma from the California Cancer 
Registry 1988–2004, including 955 cases among 6 different Asian ethnicities. Time trends were 
examined using Joinpoint software to calculate the annual percentage changes in regression 
models. Rates of esophageal squamous cell carcinoma varied substantially among different Asian 
ethnic groups, but squamous cell carcinoma was much more common than adenocarcinoma in 
both foreign-born and US-born Asian-Americans. Rates of squamous cell carcinoma were slightly 
higher among US-born Asian men (4.0 per 100,000) compared with foreign-born Asian men (3.2 
per 100,000) and White men (2.2 per 100,000), P = 0.03. Rates of adenocarcinoma were also 
slighter higher among US-born Asian men (1.2 per 100,000) compared with foreign-born Asian 
men (0.7 per 100,000), P = 0.01. Rates of squamous cell carcinoma decreased for both US-born 
and foreign-born Asians during this period, whereas adenocarcinoma remained low and stable. 
These results provide better insight into the genetic and environmental factors affecting the 
changing incidence of esophageal cancer histologies in the United States and Asia.
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INTRODUCTION
An estimated 17,000 cases of esophageal cancer were diagnosed in the United States in 
2013.1 Adenocarcinoma and squamous cell carcinoma (SCC) histologies comprise the 
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overwhelming majority of cases. Each histology has unique risk factors with different 
epidemiology. Over the past 30 years, the relative incidence of these histologies has changed 
dramatically in the United States. In the mid-20th century, adenocarcinoma made up less 
than 10% of all esophageal cancer cases in the United States. Today, adenocarcinoma 
comprises the majority of esophageal cancer cases in the United States. The increased rate of 
esophageal adenocarcinoma has been particularly striking among White men. This has 
coincided with a decrease in the incidence of SCC, particularly among Black men.2 In 
contrast, the rates of esophageal adenocarcinoma have remained relatively stable among 
Asian-Americans during this same time period. Asian-Americans continue to have among 
the lowest annual rates of esophageal adenocarcinoma at 0.7 per 100,000, compared with 4.2 
per 100,000 for Caucasians. However, their rates of SCC remain relatively high at 3.9 per 
100,000, more than double that of Caucasians.3
The overall trends of esophageal cancer incidence in Asia have been different from those in 
the United States.4–7 SCC continues to be the dominant form of esophageal cancer 
throughout Asia despite variation in incidence of esophageal SCC and adenocarcinoma from 
country to country. Although there are some regional differences and modest increases in 
parts of Asia, adenocarcinoma remains relatively rare.
The reasons for these differences in incidence are not entirely clear, but are most likely 
related to the different profiles of risk factors among the different Asian populations. We 
hypothesized that rates of SCC would be higher among foreign-born Asian-Americans 
compared with US-born, whereas the opposite would be true for adenocarcinoma.
To better understand the relative influence of genetics and environment on esophageal 
cancer incidence among Asian-Americans, we investigated the contemporary incidence 
patterns of esophageal adenocarcinoma and SCC among different Asian-American 
ethnicities using data from the California Cancer Registry (CCR) enhanced with the ability 
to examine trends by nativity (country of birth). The CCR is the largest population-based 
data set of Asian-Americans with nativity data.
METHODS
Cancer cases
We obtained information on all California residents diagnosed with primary invasive 
esophageal cancer, including gastroesophageal junction cancers (International Classification 
of Diseases for Oncology, 3rd Edition site codes C150–159) from January 1, 1988 through 
December 31, 2004, from the CCR, comprising three of the National Cancer Institute’s 
Surveillance Epidemiology and End Results (SEER) program registries.8 Since 1988, all 
new cancer cases diagnosed in California residents have been required to be reported to the 
CCR. Data were restricted to this time period for which population estimate data defined by 
nativity were available. Primary invasive esophageal cancers were classified according to 
histologic type as SCC (histology codes 8050–8078, 8083–8084) or adenocarcinoma 
(histology codes 8140–8141, 8143–8145, 8190–8231, 8260–8263, 8310, 8401, 8480–8490, 
8550–8551, 8570–8574, 8576). Other histologies were excluded (histology codes 000–8049, 
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8079–8082, 8085–8139, 8142, 8146–8189, 8232–8259, 8264–8309, 8311–8400, 8402–
8479, 8491–8549, 8552–8569, 8575, 8577–9989).
There were a total of 955 cases from 6 Asian ethnic populations. Of these, 334 (35%) cases 
were Chinese, 222 (23%) Japanese, 162 (18%) Filipino, 60 (8%) Korean, 69 (7%) South 
Asian (including Asian Indians, Pakistanis, Sri Lankans, and Bangladeshis), and 77 (8%) 
Vietnamese.
Because patients in the cancer registry with unknown birthplace data are more likely to be 
US-born than those with available data,9–12 we developed a method using patients’ social 
security numbers (SSN) to more accurately classify patient immigrant status, as described 
previously.13 Among Asian-American subgroups, registry data on nativity were available for 
81% of eligible cases (88% from hospital medical records and 12% from death certificates). 
For the 19% of cases with unknown birthplace, statistical imputation using the patient’s SSN 
was used to determine immigrant status. By comparing the age of SSN issue with self-
reported birthplace in previously interviewed cancer patients (n = 1836) and based on 
maximization of the area under the receiver operating characteristic curve and confirmation 
with logistic regression modeling, we considered cases who received an SSN before age 25 
years as US-born, and those who had received a SSN at or after age 25 years as foreign-
born. This age cut point resulted in 84% sensitivity and 80% specificity for assigning 
foreign-born status across the Asian-American populations. The 0.8% of cases with missing 
or invalid SSNs were assigned an immigrant status on the basis of the ethnicity–sex–age 
birthplace distribution of the overall sample. We did not compute incidence rates for US-
born Korean, South Asian, and Vietnamese patients due to small case (N = 13 for all three 
groups) and population numbers.
Population data
From the 1990 through 2000 US Census Summary File 3, we obtained population counts to 
estimate incidence rates by sex, race/ethnicity, immigrant status, and 5-year age group for 
California. For intercensal years, we estimated the foreign-born Hispanic and Asian 
population sizes by using cohort component interpolation and extrapolation methods,14 
adjusting estimates to the populations by age and year provided by the US Census for years 
1988–2004,. We also used data from the 5% integrated public use microdata sample of the 
census to estimate age- and birthplace-specific population counts for the six Asian 
groups15,16 by smoothing with a spline-based function.17
Statistical analyses
We used SEER*Stat software 8.018 to compute age-adjusted incidence rates (directly 
standardized to the 2000 US standard million population) with 95% confidence intervals 
(CIs). To comply with CCR regulations, we do not present case counts or rates based on 
fewer than five cases. Time trends between 1988 and 2004 were examined using Joinpoint 
Regression software19 to calculate the annual percentage changes (APCs) in log-linear 
regression models that allowed up to one joinpoint. Joinpoint regression analysis is a widely 
accepted method to describe changing trends over successive segments of time. Due to small 
population denominators, we grouped years into 3-year periods (1988–1990, 1991–1993, 
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1994–1996, 1997–1999, 2000–2002, and 2003–2004). Joinpoint also produces graphic 
trends where the slope of the line describes the APC.
RESULTS
From 1988 to 2004, 1064 total cases of esophageal cancer (SCC, adenocarcinoma, and 
others) were recorded among Asian-Americans in the registry. SCC continued to be the 
dominant histology among Asian-Americans, comprising 73% (782) of these cases. In 
contrast, during the same period, SCC accounted for only 39% of cases among non-Hispanic 
Whites. The rate of SCC among Asian men was significantly higher than non-Hispanic 
White men (Table 1). Asian women, however, had low rates of SCC, similar to non-Hispanic 
White women.
Although most Asian-American ethnic groups had higher rates of SCC compared with non-
Hispanic Whites, rates of SCC varied substantially among the different Asian-American 
ethnic groups (Table 2). Foreign-born Japanese men had the highest rate (14.5 per 100,000). 
Rates of adenocarcinoma were lower than for non-Hispanic Whites, and there was less 
variation among Asian ethnicities (Tables 3 and 4).
Patterns by nativity and gender
Overall, US-born Asians had a slightly higher rate of SCC than foreign-born Asians (2.4 per 
100,000, 95% CI 2.1–2.8 vs. 1.9 per 100,000, 95% CI 1.7–2.0). However, this was not the 
case for each ethnicity. The highest rates of SCC were among foreign-born Japanese men 
who had a rate of 14.5 per 100,000 compared with 3.9 among US-born Japanese men. Other 
groups with high rates of SCC were US-born Chinese (5.2 per 100,000) and foreign-born 
Vietnamese (5.6 per 100,000). As a whole, rates of adenocarcinoma were higher for US-
born than for foreign-born Asians, but were still far lower than for Whites. (Table 4).
Both SCC and adenocarcinoma were four times more common in men compared with 
women (Tables 1 and 3). Male predominance was seen across all ethnic groups except for 
foreign-born South Asians (Table 2). Among non-Hispanic Whites, there was a similar male 
predominance for adenocarcinoma (4.3 per 100,000 men vs. 0.7 per 100,000 women), with 
less of a difference in SCC (2.2 per 100,000 men vs. 1.8 per 100,000 women).
Temporal trends
From 1988 to 2004, rates of SCC showed a 6.3% annual decrease among US-born Asians 
and a 3.3% annual decrease among foreign-born Asians (Fig. 1). These trends were 
primarily driven by decreases in incidence among men. During the same time period, the 
incidence rate of SCC decreased by 1.5% annually among non-Hispanic Whites.
Among non-Hispanic Whites, esophageal adenocarcinoma incidence rates increased by 
7.1% annually from 1988 to 1999 and by 2.5% annually from 1999 to 2004. In contrast, for 
both US-born and foreign-born Asians, the rates of adenocarcinoma remained stable over 
time.
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Conclusions
We found that the rate of SCC was higher among both foreign-born and US-born Asian men, 
compared with non-Hispanic White men. In contrast, the rate of adenocarcinoma among 
foreign-born and US-born Asians was lower than non-Hispanic Whites. The rate of SCC 
varied significantly among different Asian ethnic groups, whereas the rate of 
adenocarcinoma was uniformly low across all Asian ethnic groups. In regard to nativity, US-
born Asians had a slightly higher rate of SCC compared with foreign-born Asians as a 
whole. However, the groups with the highest rates of SCC were foreign-born Japanese and 
foreign-born Vietnamese men.
From 1988 to 2004, the rate of SCC among both US-born and foreign-born Asians 
decreased slightly. During the same time period, the rate of adenocarcinoma did not 
significantly change.
The interaction among genetic and environmental factors in the pathogenesis of esophageal 
cancer is not well known. Rates of esophageal SCC are higher throughout much of Asia 
compared with the United States, but surprisingly, the rate of SCC was slightly higher 
among US-born Asians compared with foreign-born Asians. Moreover, the rates between 
both groups decreased over the last two decades. In the United States, the majority of 
esophageal SCC is associated with smoking and/or alcohol use.20 There is some evidence 
that US-born Asians are more likely to be current drinkers compared with foreign-born 
Asians, although the incidence of heavy drinking and total volume consumed is less.21 Other 
factors, such as drinking hot tea and poor nutrition have also been linked to SCC in Asian 
nations.22 Previous studies have found that foreign-born Asians are more likely to consume 
certain Asian foods. Although SCC has also been associated with foods containing N-
nitrosamines and pickled vegetables, it has also been associated with the consumption of red 
meat, which is increased among US-born Asians..23
The decline in SCC has not been accompanied by a rise in the rates of esophageal 
adenocarcinoma among Asian-Americans. Adenocarcinoma remains a relatively rare form 
of cancer in this population, across ethnic groups for both men and women regardless of 
nativity. This may reflect a protective genetic effect found in the Asian population or it may 
reflect other factors, such as the lack of obesity among Asian-Americans.24 Non-Hispanic 
Whites are about three times more likely to be obese compared with Asian-American adults. 
Likewise, US-born Asians are more likely to be obese than foreign-born Asians, which may 
explain the increased rate of adenocarcinoma among US-born Asians compared with 
foreign-born.25 A previous case–control study examined the association of smoking, alcohol 
use, and body mass index (BMI) with adenocarcinoma of the stomach and esophagus among 
different ethnic groups in Los Angeles County and found that smoking and increased BMI 
were independent risk factors for esophageal adenocarcinoma among Whites and non-
Whites.26 US-born Asians appear to have diets that are lower in fiber and antioxidants, 
which have been found to be associated with esophageal adenocarcinoma. Foreign-born 
Asian-Americans are more likely to be Helicobacter pylori seropositive than US-born 
Asians, and there is evidence that the absence of H. pylori may be a risk factor for 
esophageal adenocarcinoma.
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Our analysis, based on 16 years of high-quality population-based cancer registry data from 
California, which includes more than half of the SEER Asian population, enhanced with the 
capability to examine rates by nativity, is, to our knowledge, the largest and most 
representative data set on Asian-Americans.8 Asian ethnic group classification is coded 
directly from registry records (usually medical records) or by applying a validated 
algorithm.27 Cancer registry classification of specific Asian ethnicity shows good-to-
excellent agreement with self-report.28 For Asian esophageal cancer cases with available 
registry birthplace information (the vast majority), agreement with self-report is excellent; 
for the remaining cases, we applied a validated imputation algorithm based on cases’ SSNs 
with good sensitivity and specificity.11 It should also be noted that we did not have 
information regarding the length of residence in the United States. Although in general, 
those born in the United States have higher degrees of acculturation, the level of 
acculturation is related to duration of residence.25 Thus, some of the foreign-born Asians 
may have had diet and other environmental factors more similar to US-born Asians.
Despite it being the largest database of its kind, we are nonetheless limited by small sample 
sizes. Small case and denominator counts may have resulted in unstable rates and limited 
our ability to detect significant trends, as evidenced by wide CIs for some APCs. The low 
numbers of adenocarcinoma cases does however underscore the rarity of the disease among 
various Asian ethnicities. Cancer registry data lack details regarding potentially important 
clinical information, such as tumor markers, parental race/ethnicity, and risk factor 
information. Finally, there may be errors associated with the inter- and postcensal annual 
population estimates, which is a concern for the extrapolated estimates after the year 2000.29 
Therefore, we restricted our trend assessment to extend only through 2004.
The low rate of esophageal adenocarcinoma among both US-born and foreign-born Asian-
Americans contrasts strongly with the rising rate among White Americans. As obesity rates 
increase among Asian-Americans, esophageal adenocarcinoma may become a more 
significant problem. A better understanding of the specific genetic and environmental factors 
that are driving these trends could help identify better ways to prevent and perhaps screen 
higher risk groups. The very high rates of SCC among foreign-born Japanese men also 
deserve further investigation.
Acknowledgments
Financial disclosure: The collection of cancer incidence data used in this study was supported by the California 
Department of Health Services as part of the statewide cancer reporting program mandated by California Health 
and Safety Code Section 103885: the National Cancer Institute’s Surveillance, Epidemiology, and End Results 
Program under contract HHSN261201000140C (awarded to the Cancer Prevention Institute of California), contract 
HHSN261201000035C (awarded to the University of Southern California), and contract HHSN261201000034C 
(awarded to the Public Health Institute); and the Centers for Disease Control and Prevention’s National Program of 
Cancer Registries, under agreement #1U58 DP000807-01 (awarded to the Public Health Institute).
The ideas and opinions expressed herein are those of the authors, and endorsement by the State of California, the 
California Department of Health Services, the National Cancer Institute, or the Centers for Disease Control and 
Prevention or their contractors and subcontractors is not intended nor should be inferred.
Kim et al. Page 6
Dis Esophagus. Author manuscript; available in PMC 2018 January 03.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
References
1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA Cancer J Clin. 2013; 63:11–30. 
[PubMed: 23335087] 
2. Cook MB, Chow WH, Devesa SS. Oesophageal cancer incidence in the United States by race, sex, 
and histologic type, 1977–2005. Br J Cancer. 2009; 101:855–9. [PubMed: 19672254] 
3. Kubo A, Corley DA. Marked multi-ethnic variation of esophageal and gastric cardia carcinomas 
within the United States. Am J Gastroenterol. 2004; 99:582–8. [PubMed: 15089886] 
4. Fernandes ML, Seow A, Chan YH, Ho KY. Opposing trends in incidence of esophageal squamous 
cell carcinoma and adenocarcinoma in a multi-ethnic Asian country. Am J Gastroenterol. 2006; 
101:1430–36. [PubMed: 16863543] 
5. Lu CL, Lang HC, Luo JC, et al. Increasing trend of the incidence of esophageal squamous cell 
carcinoma, but not adenocarcinoma, in Taiwan. Cancer Causes Control. 2010; 21:269–74. [PubMed: 
19866363] 
6. Shibata A, Matsuda T, Ajiki W, Sobue T. Trend in incidence of adenocarcinoma of the esophagus in 
Japan, 1993–2001. Jpn J Clin Oncol. 2008; 38:464–8. [PubMed: 18664481] 
7. Yee YK, Cheung TK, Chan AO, Yuen MF, Wong BC. Decreasing trend of esophageal 
adenocarcinoma in Hong Kong. Cancer Epidemiol Biomarkers Prev. 2007; 16:2637–40. [PubMed: 
18086768] 
8. Jul. 2006 Available from URL: http://seer.cancer.gov/registries/data.html
9. Gomez SL, Glaser SL. Quality of birthplace information obtained from death certificates for 
Hispanics, Asians, and Pacific Islanders. Ethn Dis. 2004; 14:292–5. [PubMed: 15132217] 
10. Gomez SL, Glaser SL. Quality of cancer registry birthplace data for Hispanics living in the United 
States. Cancer Causes Control. 2005; 16:713–23. [PubMed: 16049810] 
11. Gomez SL, Glaser SL, Kelsey JL, Lee MM. Bias in completeness of birthplace data for Asian 
groups in a population-based cancer registry (United States). Cancer Causes Control. 2004; 
15:243–53. [PubMed: 15090719] 
12. Lin SS, Clarke CA, O’Malley CD, Le GM. Studying cancer incidence and outcomes in 
immigrants: methodological concerns. Am J Public Health. 2002; 92:1757–9.
13. Gomez SL, Quach T, Horn-Ross PL, et al. Hidden breast cancer disparities in Asian women: 
disaggregating incidence rates by ethnicity and migrant status. Am J Public Health. 2010; 
100(Suppl 1):S125–31. [PubMed: 20147696] 
14. Shyrock, HSSJ., Larmon, EA. The Methods and Materials of Demography. Washington, DC: US 
Census Bureau; 1973. 
15. Chang ET, Yang J, Alfaro-Velcamp T, So SK, Glaser SL, Gomez SL. Disparities in liver cancer 
incidence by nativity, acculturation, and socioeconomic status in California Hispanics and Asians. 
Cancer Epidemiol Biomarkers Prev. 2010; 19:3106–18. [PubMed: 20940276] 
16. Keegan TH, Gomez SL, Clarke CA, Chan JK, Glaser SL. Recent trends in breast cancer incidence 
among 6 Asian groups in the Greater Bay Area of Northern California. Int J Cancer. 2007; 
120:1324–9. [PubMed: 17163416] 
17. Bates, DCJ., Dalgaard, P., Falcon, S., et al. R Program [R]. 2.8.0 ed. Vienna, Austria: The R 
Foundation for Statistical Computing; 2008. 
18. Program SR National cancer institute SEER*stat software. Version 8.1. 2012.
19. Statistical Research and Applications Branch NCI. Jonpoint regression program, version 3.5.4. 
2012. 
20. Islami F, Fedirko V, Tramacere I, et al. Alcohol drinking and esophageal squamous cell carcinoma 
with focus on light-drinkers and never-smokers: a systematic review and meta-analysis. Int J 
Cancer. 2011; 129:2473–84. [PubMed: 21190191] 
21. Cook WK, Bond J, Karriker-Jaffe KJ, Zemore S. Who’s at risk? Ethnic drinking cultures, foreign 
nativity, and problem drinking among Asian American young adults. J Stud Alcohol Drugs. 2013; 
74:532–41. [PubMed: 23739016] 
Kim et al. Page 7
Dis Esophagus. Author manuscript; available in PMC 2018 January 03.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
22. Islami F, Boffetta P, Ren JS, Pedoeim L, Khatib D, Kamangar F. High-temperature beverages and 
foods and esophageal cancer risk–a systematic review. Int J Cancer. 2009; 125:491–524. [PubMed: 
19415743] 
23. Lu SH, Montesano R, Zhang MS, et al. Relevance of N-nitrosamines to esophageal cancer in 
China. J Cell Physiol Suppl. 1986; 4:51–8. [PubMed: 3528183] 
24. Barnes PM, Adams PF, Powell-Griner E. Health characteristics of the Asian adult population: 
United States, 2004–2006. Adv Data. 2008; 394:1–22.
25. Goel MS, McCarthy EP, Phillips RS, Wee CC. Obesity among US immigrant subgroups by 
duration of residence. JAMA. 2004; 292:2860–67. [PubMed: 15598917] 
26. Wu AH, Wan P, Bernstein L. A multiethnic population-based study of smoking, alcohol and body 
size and risk of adenocarcinomas of the stomach and esophagus (United States). Cancer Causes 
Control. 2001; 12:721–32. [PubMed: 11562112] 
27. Asian/Pacific Islander Work Group. NAAoCC. Registries. Springfield, IL: North American 
Association of Central Cancer Registries; 2008. NAACCR Asian Pacific Islander Identification 
Algorithm [NAPIIA version 1.2]. 
28. Gomez SL, Glaser SL. Misclassification of race/ethnicity in a population-based cancer registry 
(United States). Cancer Causes Control. 2006; 17:771–81. [PubMed: 16783605] 
29. Boscoe FP, Miller BA. Population estimation error and its impact on 1991–1999 cancer rates*. Prof 
Geographer. 2004; 56:516–29.
Kim et al. Page 8
Dis Esophagus. Author manuscript; available in PMC 2018 January 03.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Fig. 1. 
Trend in age-adjusted rate of esophageal squamous cell carcinoma per 100,000 among 
Asian-Americans 1988–2004. , US Asian observed; , US Asian APC = −6.3*; , FB 
Asian observed; , FB Asian APC = −3.3*. APC, annual percent change; US, US-born; 
FB, foreign-born.
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